A short account is given of the life and work of Dr. S. John Gregg . Gregg's first research paper on the physical adsorption of gases appeared in 1927 and his last review of the subject was published in 1986. His extensive research contributions to adsorption science and surface chemistry should be remembered along with the generous guidance and encouragement he gave to three generations of academic and industrial scientists.
INTRODUCTION
Although the name Gregg is perhaps not as familiar today as that of Brunauer-my first pioneer (Sing 2014)-Dr. S John Gregg is still remembered by his peers for the importance of his many contributions to adsorption science and surface chemistry over a period of sixty years. We recall also the help and encouragement he unstintingly gave to his numerous students, colleagues and co-workers. The present short memoir is my personal tribute to a former guide, colleague and good friend. Although Gregg's major contributions to adsorption science (notably gas adsorption) are highlighted, it seems appropriate to refer also to some aspects of his pioneering work on the surface properties of solids.
It was in early October 1942 when I first met John Gregg: he was a member of the teaching staff of the University College of the South West (now Exeter University) and I had newly arrived in Exeter to begin my undergraduate studies. Having completed my BSc degree in 1945, I gladly accepted Gregg's invitation to become his first PhD research student and over the next three years I began to appreciate his outstanding ability and integrity. I also became familiar with the happy, Bohemian lifestyle of the Gregg family (John and Doris and their clever daughter, Jean). Doris was a fine artist and potter with a quiet and likeable personality. Both John and Doris had a rather relaxed attitude towards domestic affairs, but their carefree home was always welcoming: I well remember musical evenings with much laughter and vigorous discussion. Their lives became even more joyful a few years later, with the arrival of a baby son, Colin-now a distinguished film director. After completion of my PhD research in 1948, our close collaboration blossomed and resulted in many years of fruitful activity, which lasted until John's death in 1999. a prosperous one and I can imagine that he was a studious schoolboy-always diligent but not much interested in trivial pursuits or sporting activities! Having obtained his BSc degree with first-class honours in chemistry in 1923, John was awarded a DSIR postgraduate studentship to undertake research under Professor J. C. Philip FRS at Imperial College of Science and Technology, University of London. His PhD thesis on The Adsorption of Gases by Charcoal was completed in 1926. At that time, James Philip had a small research group working on adsorption from solutions (e.g. on activated wood charcoal), but it seems that he and Gregg did not enjoy a very close personal relationship. Although Philip was readily available to provide help and advice, the day-to-day planning and execution of the research was evidently left to Gregg himself.
KING'S COLLEGE, LONDON AND HULL UNIVERSITY COLLEGE: 1926-1941
John Gregg's appointment in 1926 as demonstrator and assistant lecturer in King's College, University of London, appeared to offer an excellent opportunity to continue and extend his work on gas adsorption. Over the next seven years, two papers were published, together with his first book.
The first paper (Gregg 1927 ) was on heats of adsorption of gases by charcoal and gave a detailed account of his PhD work. Attention was drawn to the importance of the adsorption energy in relation to the interpretation of an adsorption isotherm. The heats of adsorption for various gases on charcoal were determined under isothermal conditions using a Bunsen calorimeter. In a few cases, it was possible to compare the experimental differential heats with the corresponding values derived from isotherms at different temperatures. Re-reading this paper, I am reminded of Gregg's attention to detail and the clarity of all his published work.
Within the space of only 120 pages, a Methuen's monograph on The Adsorption of Gases by Solids (Gregg 1934 ) gave a remarkably perceptive account of gas adsorption. At this time, very little was known about multilayer adsorption or the mechanisms of pore filling, and most experimentalists were content to apply either the basic Langmuir equation or the Kelvin equation. Gregg pointed out that the validity of the Langmuir theory of monomolecular (monolayer) adsorption cannot be established by a simple curve-fitting procedure. Furthermore, he argued that the Langmuir model is applicable only to monolayer adsorption on a uniform array of sites on a non-porous surface. The limitations of the capillary condensation theory and applicability of the Kelvin equation were also discussed along with the significance of different types of adsorption hysteresis. It is remarkable that all these comments, made eighty years ago, still remain relevant! I can only speculate why Gregg left King's College in 1934 to become an assistant lecturer in the small University College at Hull. A possible explanation is that his relationship with Professor A.J. Allmand and other senior colleagues was not entirely happy. In the early 1930s, Allmand was already well-known for his work on gas adsorption. He and his co-workers had claimed to have strong evidence for the existence of a series of small steps in their adsorption isotherms on activated charcoal (Allmand et al. 1932) . At first, these unexpected results attracted much attention, but later it was discovered that the data were spurious. Gregg realized at an early stage that Allmand's experimental technique was faulty and I now feel that perhaps he was not careful enough to conceal his thoughts! From 1934, Gregg remained at Hull for seven years and was duly promoted to a tenured lectureship. It was there that he became acquainted with the work of Dr. D.H. Bangham and his colleagues (notably Fred Maggs) in the British Coal Utilisation Laboratories at Leatherhead.
Dr. Bangham had applied the Gibbs adsorption equation to gas-solid systems and Gregg realized that he could use the integrated Gibbs equation to demonstrate the similarity of changes of state of the adsorbed layers on solids and water (Gregg 1942) .
Although the facilities in the Hull labs were rather inadequate, it seems that life was quite agreeable. Indeed, Gregg had a lingering affection for the city and the new University of Hull and kept in close touch with a number of friends and former colleagues.
EXETER: 1941-1967
The important move to Exeter was made in 1941, when John Gregg was appointed to a new post of lecturer in the chemistry department of the University College of the South West. In those days, the small department was housed in the Washington Singer Laboratories located in an attractive parkland area, which later became the main campus of the new University of Exeter. At first, Gregg taught 'general chemistry' (essentially, inorganic and certain aspects of physical chemistry) to honours degree level and, for a short period he also gave weekly classes in scientific German. In 1948, he was made Reader in Surface Chemistry and in 1961 he became Reader in Physical Chemistry in the new University of Exeter.
War-time conditions made it difficult to undertake experimental research, but Gregg managed to acquire materials and assemble equipment for future work on gas adsorption and the surface chemistry of solids. By the time I began my PhD research in 1945, he had already constructed an entirely new type of electrical adsorption balance (Gregg 1946) . The prototype consisted of a glass balance arm mounted on gramophone needles within a glass case, which could be evacuated or filled with vapour at a controlled temperature and pressure. The adsorbent was contained in a small glass bucket suspended from one side of the balance arm, with an enclosed solenoid as a counterweight on the other side. An external solenoid was located around the hang-down tube to allow the changes in adsorbent mass to be followed by measurement of the two electrical currents required to maintain a null position as registered by an optical lever. Some of the first measurements were made with carbon tetrachloride adsorption on a series of samples of thermally decomposed gibbsite (Gregg and Sing 1951) .
To interpret the CCl 4 isotherms, we considered it necessary to undertake low-temperature nitrogen adsorption measurements and for this purpose we designed a simple volumetric apparatus (Gregg and Sing 1951) . The construction entailed some rudimentary glass-blowing and metal working: all good fun, although at that time I was unaware of the hidden dangers of handling mercury, asbestos and liquid oxygen (used as cryostat because liquid nitrogen was unobtainable in Exeter)! Over the period 1944-1948, Gregg took the opportunity to broaden his research activities by undertaking contract work for the Ministry of Supply. Together with George Winsor and the support of Professor H.T.S. Britton, he carried out a series of investigations on the extraction of magnesium from sea water and the thermal decomposition of calcite, magnesite and dolomite (Britton et al. 1952) . This work entailed the development of a more refined automatically recording adsorption balance (Gregg and Wintle 1946) and a modified standard analytical balance (Gregg and Winsor 1945) . The latter turned out to be a simple and useful technique for studying the thermal decomposition of gypsum and various other materials (Gregg 1961; Gregg and Sing 1952; Gregg and Willing 1951) .
As mentioned in Part 1 of this series (Sing 2014), in the 1940s the Brunauer-Emmett-Teller (BET) and Brunauer-Deming-Deming-Teller theories of gas adsorption attracted a considerable amount of interest and critical appraisal. A useful contribution was made by Gregg and Jacobs (1948) by their examination of the mathematical properties of the BET equation. Indeed, Gregg and Jacobs were among the first to draw attention to the weakness of the BET model and to point out that the BET plot cannot be expected to provide a reliable assessment of the heat of adsorption. Further information about the nature of the monolayer-multilayer transformation was put forward by Gregg and Maggs (1948) by the application of the Gregg-Bangham analysis of phase changes at the gas-solid interface.
The Exeter surface chemistry labs underwent considerable expansion in the 1950s, when additional research facilities became available (e.g. for X-ray diffraction, adsorption calorimetry, gas chromatography and spectroscopic measurements). These developments enabled Gregg and his co-workers (Glasson, Goodman, Hickman, Hill, Langford, Packer, Pope, Ramsay, Stephens, Stock, Wheatley, Willing and others) to launch a number of new research projects including a major series of investigations on the production of 'active solids' by gelation and thermal decomposition. This work included the calcination of a variety of hydroxides, carbonates, clays and other materials. It was established (Gregg 1960 (Gregg , 1961 ) that a highly active pseudolattice can be produced by removing H 2 O vapour or CO 2 from a well-defined structure, such as a hydroxide or carbonate. As the calcination temperature is increased, the metastable pseudolattice always undergoes recrystallization and sintering with a reduction in surface area. With poorly ordered gels there is generally no significant thermal activation, but only an overall progressive loss of surface area (Goodman and Gregg 1960; Gregg and Hill 1953) . Under carefully controlled conditions, highly active products can be prepared, but such large surface areas (approximately 300 m 2 g -1 ) are highly dependent on the chemical and physical nature of the precursor and the heat treatment (Gregg 1960 (Gregg , 1961 Sing 1972) .
Rather surprisingly, even larger surface areas (approximately 600 m 2 g -1 ) were obtained by ballmilling graphite (Gregg 1960) . This was evidently due to a pronounced decrease in particle size associated with the weak bonding between the constituent graphene layers. With kaolin and molybdenum sulphide, the increase in surface area was on a much smaller scale, but the overall changes were similar. Three different mechanisms were identified (Gregg 1961) : the particle size reduction proceeded side by side with some reaggregation and, after a certain time, these processes were accompanied by distortion of the surface layers (Gregg 1968; Gregg and Saenz 1966 ).
Gregg's second book, The Surface Chemistry of Solids, was first published in 1951 and an enlarged edition appeared in 1961. His declared aim was to give a brief survey of the various branches of this rapidly growing subject, adopting as far as practicable a consistent viewpoint; he drew attention to the enormous growth in the subject matter, but argued that there was still a definite place for a single medium-sized book (Gregg 1961) . I am sure that readers of this popular book would enthusiastically endorse these remarks! By 1960, Exeter had become a leading international centre for research on adsorbents, catalysts and other materials of academic and industrial interest. Numerous scientists were attracted from abroad to work with Gregg, with the first being Professor Rashid Razouk on study leave from Cairo in 1947. His PhD research had been undertaken in the 1930s with Bangham, then professor of chemistry in Cairo University, and Razouk's highly successful visit to Exeter led directly to an Egyptian connection, which we later established at Brunel. Using the Gregg-Wintle automatically recording adsorption balance, Razouk was able to make a carefully controlled kinetic investigation of the thermal decomposition of various forms of magnesium hydroxide (Gregg and Razouk 1949) .
A successful link was also established with Uruguay with the arrival of visiting scientists (Drs. A. Behrens, J.P. Saenz and W. Diano) from the University of Montevideo. Their research contributions included aspects of powder technology (Gregg and Behrens 1951; Gregg and Saenz 1966) and of adsorption energetics (Diano and Gregg 1972) . In addition, Gregg spent a busy and enjoyable six months in Montevideo as a visiting professor.
BRUNEL UNIVERSITY AND RETIREMENT: 1967-1999
Although still remarkably fit in mind and body, on reaching the age of 65 in 1967, John Gregg was obliged to retire from his full-time post at Exeter. To my great delight, he readily accepted our invitation to join the Brunel Surface Chemistry Group as a Senior Research Fellow. John quickly settled down: during the week, he lived in a small flat near the university and spent most weekends with Doris in Exeter-travelling by rail, of course! He also received many invitations to take part in scientific meetings in the UK and abroad. For example, in 1971 he participated in an international symposium on thermochemistry, organized by Dr. Jean Rouquerol in Marseille (Diano and Gregg 1972; Gregg and Nashed 1972) . This was a timely visit because it gave us the opportunity to see the excellent facilities for adsorption calorimetry in the Centre National de la Recherche Scientifique laboratories and we were encouraged to start work on the second edition of our book Adsorption, Surface Area and Porosity (Gregg and Sing 1982) , which involved a complete revision. The first edition (Gregg and Sing 1967) had included chapters on chemisorption and adsorption from solution; but this time, we wisely decided to focus our attention on the principles and applications of physisorption and the book was kindly received by the adsorption fraternity.
At Brunel, Gregg was also able to write up some previously unpublished work (e.g. Gregg and Langford 1969; Gregg and Ramsay 1970) and to extend particular areas of research (Gregg and Sing 1976) . One such area was the characterization of microporous materials. Gregg and Langford (1969) had devised a novel method for the assessment of microporosity based on the preadsorption of n-nonane under carefully controlled conditions. This procedure, which had been originally applied to a series of partially oxidized carbon blacks, was now extended to various other microporous materials (Gregg and Langford 1977; Gregg and Tayyab 1978) and this novel procedure has continued to attract considerable interest (Rouquerol et al. 2014 ). Gregg also introduced a simple method for comparing the shapes of two closely related adsorption isotherms (Gregg 1975) . In this f method, the ratio f of the ordinates is plotted against the relative pressure, p/p 0 . As Gregg pointed out, the different stages of multilayer adsorption and capillary condensation are neatly shown by the shape of an f plot.
Another project (Gregg et al. 1973) involved the measurement of water isotherms and energies of adsorption both before and after filling the micropores in an oxidized carbon black. As expected, micropore filling was associated with considerably enhanced adsorption energy, but the shape of the initial section of the water isotherm remained unchanged. This interesting result indicated a compensation effect between the adsorption enthalpy and entropy, which is probably due to the hydrogen-bonded structure of water in the micropores.
Gregg's lifelong interest in etymology was coupled with his meticulous approach to all manner of writing. Indeed, his former students and co-workers all came to appreciate the importance he attached to clarity of expression. It was gratifying therefore to see the publication of the little book A Concise Etymological Dictionary of Chemistry (Bevan et al. 1976) , which-although long out of print-I still find extremely useful.
Research links between Brunel and several Egyptian Universities were developed in the early 1970s. It was then that John Gregg first met Jehane Ragai, a professor in the American University in Cairo, when she was completing her PhD research at Brunel. Thereafter, they kept in close touch for over twenty years and their extensive correspondence covered a wide range of topics, including science, theology, politics and domestic affairs. These letters are of such interest and literary quality that they deserve full publication. With Jehane's kind permission, the following extracts are reproduced as an indication of Gregg's wisdom and compassion. In 1983 he wrote:
'The world is a very troubled place. I am sure that you living in the Middle East do not need convincing of that! Alas, it seems that the dream many of us had twenty years ago that the application of scientific discoveries would bring in a new age of peace and plenty was a dream. The world needs less emphasis on the 'macho' values of domination, competition and violence; and more emphasis on feminine values of nurturing, caring and warmth of affection -in short, less of the Yang principle and more of the Yin, spoken of by the old Chinese philosophers'. In 1992, Gregg wrote: 'I have been reading "Sugar Street" again. What and admirable writer Mafouz is: a warm hearted man with great affection for human kind, yet without sentimental illusions. I am very grateful to you for introducing me to his work'.
Sadly, after fifty years of happy married life, John was left alone in July 1978 when Doris died suddenly of a heart attack. John continued to live quietly in Exeter and to maintain his wide interests in science, the arts and environmental issues and continued to travel regularly to London and Hull and occasionally abroad. For example, he took part in the international symposium Characterisation of Porous Solids organized by Professor Fritz Stoeckli in the University of Neuchatel, Switzerland and helped to edit the published proceedings (Gregg et al. 1979 ).
In 1992, over thirty former students and co-workers came to Exeter from Egypt, France, Uruguay, USA and various parts of the UK, to celebrate John's 90th birthday. He presided over a two-day symposium, which was an opportune occasion for many tributes to be paid and happy memories to be shared. Finally, at the age of 94, John attended the Fourth International Symposium on the Characterization of Porous Solids, held in his honour at Bath University in 1996, and by invitation he gave an excellent after-dinner talk on historical aspects of adsorption science. This was an informative and entertaining extension of an earlier lecture on Sixty years in the Physical Adsorption of Gases (Gregg 1986 ).
EPILOGUE
It is indisputable that by the 1960s Exeter had become an internationally renowned centre for adsorption science and surface chemistry. All who knew John Gregg at that time would also agree that he had an outstanding reputation as a research leader, speaker and author. His friends, former students and colleagues therefore found it surprising that he was not awarded a full professorship. John never went out of his way to publicize his own achievements and appeared to be quite content to work quietly and modestly, but I strongly feel that the professorial title should have been conferred before his retirement from Exeter University in 1967.
It is noteworthy that the Gregg research 'family' now extends to at least three generations of academic and industrial scientists scattered around the world. Furthermore, these personal bonds were extended into a network of international research partners (in Australia, Egypt, France, Germany, Switzerland and the USA). As we have seen, John Gregg was always ready to help colleagues, students and other younger scientists. Sir John Meurig Thomas recalls the guidance and encouragement he received from Gregg at a particularly difficult time in 1964. The helpful advice was evidently much appreciated and led to a long-standing close friendship. I always regarded John Gregg as a true socialist: a lifelong supporter of the labour movement, but certainly neither a new-labour man nor a communist! He was a founder member of the Campaign for Nuclear Disarmament. His passionate support for rail transport was associated with a long and distinguished membership of Transport 2000. All of these activities and interests were tempered by his unfailing sense of humour. John had a strongly held belief in the essential goodness of mankind and an abiding concern for the balance of nature. Although he could quote extensively from the King James Version of the Bible, John was not an orthodox Christian; but he had deep spiritual feelings and it was not altogether surprising that ultimately he became a Quaker.
